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The Year
in Review

Fiscal year 1981 proved to be unusually
challenging for the U.S. Geological Survey as it
sought to satisfy the established claims upon its
capabilities and resources expressed in law,
custom, and settled policy, and to position itself
to support the incoming administration’s an-
nounced policies toward the Nation’s land,
mineral, and water resources, all within the limits
of available funds and personnel.

Among the Survey’s active concerns at the
beginning of the year were a number of programs
deriving from recently enacted laws, Secretarial
decisions, and other directives concerning the
assessment and development of minerals on
Federal and Indian lands, both onshore and off-
shore. The 1979 decision to resume leasing on
federally owned coal lands was one such event.
Another was the passage of the Outer Continental
Shelf Lands Act Amendments in 1978. The Sur-
face Mining Control and Reclamation Act of 1977
applied to all coal lands, public and private, and
created a demand for information that the Survey
was responsible for providing and, in the case of
Federal and Indian lands, for applying. The
mineral assessment of public lands nominated for
wilderness classification continued under the
Wilderness Act of 1964. Lastly, the character and
extent of the Survey’s functions in Alaska were
changing as the oil and gas assessment program
in the National Petroleum Reserve was phased
out and new responsibilities were assumed under
the Alaska National Interest Lands Conservation
Act of 1980.

In addition to its responsibilies for resource
assessment and management, the Survey had, by
fiscal year 1981, been charged with providing in-
formation needed to mitigate the effects of
geologic hazards. Attention was strongly focused
on these hazard-related duties by the sensational
eruption of Mount St. Helens on May 18, 1980, 3
weeks after the Survey had issued a warning that
permitted State and Federal authorities to take
preventative actions that saved many lives.
Geologic and hydrologic studies conducted dur-
ing the past year have provided knowledge that
has been valuable in assessing the posteruption
effects of volcanic phenomena and in refining
prediction techniques.

Many of the Survey’s ongoing commitments
rapidly began to merge with newer ones as a
result of the new administration’s pledge to,
among other things, increase private access to
Federal lands for mineral and energy develop-
ment, reduce the regulatory role of the Federal
Government, accelerate and expand domestic

energy and mineral production, and generally
reduce funding and staffing of Federal activities
other than those related to national defense and
certain other specified areas. These new attitudes
and policies had direct implications for both the
scientific and the regulatory functions of the
Survey, and fiscal year 1981 saw the initial stages
of a reorientation of Survey programs and in-
vestigations to support the goals of the new
Administration.

The highlights of fiscal year 1981 activities
summarized below reflect the conjunction of the
Survey’s established functions and responsibilities
with those acquired as the result of the 1980
general election.

Alaskan Transition

When the final six wells were completed during
fiscal year 1981, the oil and gas exploration pro-
gram on the National Petroleum Reserve in
Alaska, conducted for the Department of the In-
terior by the Geological Survey since the pro-
gram’s transfer from the Navy Department in
June 1977, was essentially finished. Over the 7
years of the program’s life, 28 exploratory wells
were drilled and 13,500 line miles of geophysical
surveys run on the 37,000-square mile Reserve ly-
ing between the Colville River and the Arctic
Ocean in a systematic effort to assess its
petroleum potential, and, secondarily, to discover
commercially producible deposits of oil and gas.
Although no commercially significant discoveries
were made, the investigations indicated a
50-percent probability that 5.2 billion barrels of
recoverable oil and 9.4 trillion cubic feet of gas
may be found on the Reserve

The phasing out of the exploration program
was succeeded by the first leasing activity on the
Reserve. In September 1981, the Secretary of the
Interior selected 53 tracts comprising 1.5 million
acres from the acreage nominated by the
petroleum industry to be offered for lease in
December 1981. This sale is to be followed by
another of 0.5 million acres in May 1982.

Elsewhere in Alaska, petroleum exploration ac-
tivity focused on the Continental Shelf beneath
the Beaufort Sea, where 34 wells had been drilled
on State of Alaska leases at the end of fiscal year
1981 and where the first gravel island on a
Federal lease was built by Exxon Corporation dur-
ing the fiscal year for use in the 1981-1982 winter
drilling season. A second lessee, the Shell Oil Cor-
poration, announced its intention to construct a
gravel island on its lease. In view of the active in-
terest shown by the petroleum industry in
Beaufort Sea leases, the new lease schedule



released by the Department in July 1981 ad-
vanced the next Federal lease sale No. 71, by 5
months to September 1982. Lease sales 55 and 60,
for tracts in the Gulf of Alaska and lower Cook
Inlet, respectively, attracted little interest.

The Alaska National Interest Lands Conserva-
tion Act, which became law in December 1980,
gave the Secretary of the Interior a number of
tasks that require support from the Geological
Survey. One provision requires that the Secretary
study all Federal lands north of 68° latitude, ex-
cept the National Petroleum Reserve in Alaska, to
assess their potential oil and gas resources, make
recommendations for the use and management of
those resources, review wilderness characteristics,
and recommend protective measures for fish and
wildlife.

The Act also charges the Secretary to ““assess
the oil, gas, and other mineral potential of all
pubic lands in the State of Alaska in order to ex-
pand the data base with respect to the mineral
potential of such lands.” In effect, this assign-
ment will be carried out by the continuation and
expansion of the Survey’s Alaska Mineral
Resources Assessment Program, which has been
under way for several years. In recognition of this
need, the Survey was granted an additional $3
million during fiscal year 1981, which permitted a
substantial increase in staffing and the acquisition
of some additional aeromagnetic data. As a result
the amount of mapping increased by 50 percent
over what had been programmed initially; more
than 70,000 square miles were mapped at
1:250,000 scale in fiscal year 1981.

The Survey participated in two additional
specific studies ordered by the Act. The first—the
Arctic National Wildlife Refuge Coastal Plain
Resource Assessment—calls for an inventory of
fish and wildlife and an analysis of the impacts of
oil and gas exploration, development, and produc-
tion and authorizes selected exploratory activity
(not to include drilling) on the Wildlife Refuge.
Survey effort during fiscal year 1981 concentrated
on the preparation of exploration guidelines and
an environmental impact statement on ex-
ploratory activities. Subsequent exploration plans
will be submitted to the Secretary for approval.

The second study, and one for which the
Survey was assigned the lead role, called for the
Secretaries of Interior, Defense, and Energy to
“initiate and carry out a study of the mission,
facilities, and administration of the Naval Arctic
Research Laboratory at Point Barrow,
Alaska.”This assignment, a subsection of which
will make recommendations for redirecting the
United States Arctic research policy, required ex-
tensive coordination and discussions between the
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Survey and other Federal agencies, State and
local political entities, scientific organizations,
and individual experts. At the end of the fiscal
year, the study was in its final stage.

Mount St. Helens Revisited

By October 1, 1980, when fiscal year 1981
began, activity at Mount St. Helens had tapered
off to occasional nonexplosive eruptions, in
dramatic contrast to the shattering violence of
the May 18, 1980, eruption, which devasted an
area of 230 square miles, killed more than 60 peo-
ple, and caused over a billion dollars worth of
damage. In the course of the eruption, Mount St.
Helens deposited ash hundreds of miles down-
wind in Washington, Idaho, and Montana,
dumped more than 0.7 cubic mile of debris into
the North Fork of the Toutle River (which, in turn,
transported enough of it downstream to close the
Columbia River to navigation at Portland for a
time), and [eft the volcano’s drainage area with a
legacy of hydrologic instability that will endure
for years to come.

Geological Survey activity at Mount St. Helens
during fiscal year 1981 was concerned both with
monitoring current activity and with assessing the
aftereffects of the catastrophic May 18 eruption.
The ad hoc organization hastily put together at
Vancouver, Washington, in response to the burst
of activity in the spring of 1980, was established
formally as the Cascades Volcano Observatory;
the observatory staff represents diverse scientific
disciplines, appropriate to its task of observing
activities at Mount St. Helens and other Cascade
Range volcanoes and assessing and reporting on
their effects.

To assist the observatory in its mission, addi-
tional stations have been added to geophysical
and hydrological observation networks in the
vicinity of Mount St. Helens, and installation of
monitoring networks at three other Cascade
volcanoes—Mount Shasta and Lassen Peak in
California and Mount Baker in Washington —has
begun.

Four flood-warning gaging stations were added
during the year to the Survey’s 7-station satellite-
data relay network in the immediate area of
Mount St. Helens. Additional flood-warning sta-
tions without telemetry and other stations
measuring river systems in the ash-impacted
areas, maintained as part of the warning and
information-gathering network, bring the total
numbers of stations in service to 34.

The six eruptive episodes that have occurred
since December 1980 have been characterized by
the formation of an irregular mound or dome of



extruded lava on the crater floor. Each eruption
has added to the size of the dome, which, by the
end of fiscal year 1981, was some 2,100 feet long,
1,700 feet wide, and 500 feet high. This series of
nonexplosive, dome-building eruptions has been
extremely useful to Survey geologists attempting
to develop techniques for predicting activity of
this sort. Survey scientists, have used data from
seismic, ground-deformation, and volcanic gas
monitoring to provide reliable forecasts several
hours or days, or even weeks, in advance of the
last seven eruptions. The current phase of inter-
mittent, largely dome-building activity is expected
to continue for many more years, although the
possibility of future moderate-size eruptions can-
not be dismissed. The probability of another large
eruption similar to the one that occured May 18,
1980, is very low.

The effort that went into assessing the effects
of the May 18 eruption during fiscal year 1981
will form the basis of numerous reports. The
definitive work, The 7980 Eruptions of Mount St.
Helens, Washington, which should be available in
1982 as Professional Paper 1250, treats all asperts
of the volcano’s activity both before and after
the May 18 eruption. This volume is dedicated to
the memory of David A. Johnston, a Survey
volcanologist who died in the initial eruption.

Individual studies of the complex changes in
the hydrologic regime caused by the eruption
seek to determine water-related hazards and
predict their impacts and to improve understand-
ing of the processes responsible for these hazards.
Included are studies of sediment deposition in
river channels, the susceptibility of debris-
avalanche dams to failure, the toxicity of leach-
ates, the mechanisms for triggering mudflows, the
effects of the eruption on glaciers, and the effect
of ashfalls on the rate of snowmelt and snow ac-
cumulation on glaciers. The first eight circulars in
a series dealing with these effects and others
have been issued, and another is currently being
prepared.

The profound topographical changes around
Mount St. Helens have made it necessary to
remap the area affected by the May 18 eruption
at 1:24,000 scale. During fiscal year 1981, new
data were compiled for 28 7.5-minute quadrangle
maps planned for publication in calendar year
1982. Digital elevation data and 7.5-minute or-
thophotoquads covering this area also were made
available in fiscal year 1981. Additional ortho-
photoquads and digital elevation data for an ex-
panded area are scheduled for completion early
in calendar year 1982.

Streamlining Leasing and
Regulatory Procedures

The Reagan administration’s commitment to
eliminating unnecessary and burdensome
regulatory procedures and reporting requirements,
together with its announced goal of expanding
the size of oil and gas lease offerings on the
Outer Continental Shelf, were factors underlying
an extended Survey effort in FY 1981 to bring its
procedures and directives into line with those ob-
jectives.

In issuing his proposed Outer Continental Shelf
leasing plan in July 1981, Secretary of Interior
James G. Watt announced his intention to offer
all or significant portions of entire planning areas
for lease at a single sale. These offerings, com-
prising more than 10 million acres each, are much
larger than the 500,000 to 1,500,000 acres offered
in past sales and will dictate profound changes in
the Survey’s preleasing actions, which, in the past,
have relied on detailed geologic and geophysical
work for tract selection, input for environmental
impact statements, assessment of geologic
hazards, and prelease determination of economic
values for the tracts offered.

During fiscal year 1981, the Survey consulted
with other bureaus and offices in the Department
on how best to meet the new requirements posed
by the large increase in the size of lease offerings
without jeopardizing the environment, the in-
terests of adjacent States, and the public
resources in question. Although details were still
lacking at the fiscal year’s end, some general con-
clusions had been reached. The Geological
Survey will prepare geologic maps of entire plan-
ning areas prior to sale dates, but postsale
economic evaluation will concentrate only on the
relatively small portion of the large offering that
is bid on at any given sale. Marketplace competi-
tion will be used to establish the fair value of the
tracts, subject to the Survey’s monitoring.

Presale evaluation of offshore geologic
hazards, which previously has relied heavily on
high-resolution seismic data gathered by the
Survey on all tracts offered, now will depend on
an evaluation of regional data. Less reliance will
be placed on data collected by the Survey, in-
stead, the Survey will analyze data gathered and
supplied by the lessees in support of their ex-
ploration plans, with the understanding that
leases found to contain unacceptable hazards will
be subject to cancellation.



Conversion to these streamlined leasing pro-
cedures will begin when the Secretary’s revised
leasing plan is approved and will be completed
sometime in 1983.

The basis for the Survey’s current efforts to
identify and rework burdensome, counterproduc-
tive, and unnecessary regulations is Executive
Order 12291, signed by President Reagan in
February 1981. Much of the Survey’s response to
that order in fiscal year 1981 has been devoted to
changes that will become effective in succeeding
years.

Onshore, the rules governing Federal oil and
gas leases are being updated to bring them into
line with current practice. Regulations enforcing
the Connally Act of 1935, which forbids interstate
shipment of oil produced in violation of State
market demand proration orders—a stipulation
made pointless when market demand proration
ended in the early 1970’s—were eliminated.
Another similar regulation dealing with the ac-
quisition and leasing of water wells also was
deleted.

Offshore, initial proposals include exempting
the mature producing area of the western Gulf of
Mexico from the requirement that operators sub-
mit development and production plans for ap-
proval; eliminating redundancy in environmental
reporting; and providing for an extension of a
lease period if inordinate delays have occurred in
the issuance of permits.

The Geological Survey is also streamlining
regulations governing reporting requirements, re-
taining only those that are truly necessary and
identifying the least costly alternatives for its
other rules. When the streamlining process has
been completed, the application regulatory codes
will be up to date and free of unnecessary provi-
sions. A continuing review will be undertaken to
insure that they remain so.

Coal Program

The 10-year pause in Federal coal leasing that
began with a moratorium imposed by the Depart-
ment of the Interior in 1971 to discourage
speculative leasing of tracts ended on January 13,
1981, when the first part of the Green River-Hams
Fork competitive lease sale was held in Colorado
and Wyoming. The second part of the sale was
held the following day, and the remaining
acreage was leased on April 30, 1981. A second
sale was held in Alabama on June 25, and a third
sale in the Uinta region of Utah was held on July

30. Altogether, 19 tracts comprising nearly 33,000
acres were leased for approximately $25 million.

The resumption of active leasing by the Federal
Government, together with the administration’s
strong emphasis on increasing coal production on
both public and private lands, has important im-
plications for the Survey’s coal program. To meet
the goals set by the administration for coal usage
by 1985, the domestic coal industry will need to
produce nearly double the 800 million tons mined
in 1980, and the 10 percent share of that total
contributed by Federal and Indian land leases
also will have to continue to grow.

These prospective large increases in coal pro-
duction will require additional knowledge about
the Nation’s coal resources (extent and quality,
bed and overburden thicknesses, chemical proper-
ties, and other information) if informed decisions
are to be made in both the public and the private
sectors, about resource development, land-use
planning, and evaluation of federally and Indian-
owned coal. In addition, the Survey’s specific
responsibilities for supplying general hydrologic
information on all surface-mining areas under the
Surface Mining Control and Reclamation Act of
1977 will increase with the growth in surface min-
ing.

The Survey’s work in coal hydrology, which has
been expanding since its beginning in fiscal year
1974, continued to focus on the Eastern (Ap-
palachian) and Interior coal provinces during
fiscal year 1981. By the end of the year, 19
hydrologic reports had been completed on major
subbasins in these provinces. These reports and
the 41 others planned for fiscal years 1982 or
1983 will summarize all pertinent hydrologic data
on the Nation’s principal coal lands.

In addition to the Federal coal hydrology pro-
gram, continuing work under the Federal-State
Cooperative Program on 77 projects in 31 States
was aimed at evaluating site-specific mining
hydrologic problems such as acid mine drainage,
subsidence, impacts on local water supplies, ex-
cessive sediment in streams and reservoirs, and
pollution from coal washing and unloading
facilities.

The Survey’s coal investigations program con-
tinued to identify and delineate Federal coal
resources in the northern Great Plains and Rocky
Mountain provinces and on low-sulfur beds in the
central and southern Appalachian province. The
data generated by these investigations are
presented mainly in a series of map folios,
predominatly at 1:100,000 scale. At the end of
fiscal year 1981, work was in progress on 24 folios



describing the resources of the western basins
and 4 devoted to basins in the Eastern States.
Two folios (Denver East and Recluse in Colorado
and Wyoming, respectively) were completed. In
addition, work was completed on four Wilderness
areas in Pennsylvania, Kentucky, Illinois, and
Alabama, and fieldwork was completed on one
RARE Il area in New Mexico. Fieldwork also was
completed on five coal-resource assessment
studies sponsored by the Bureau of Indian Affairs.
In these coal investigations and others, some
47,000 feet of test hole were drilled and
geophysically logged.

Data generated by the Survey’s coal investiga-
tions in fiscal year 1981 were incorporated into
the National Coal Resources Data System, as in
past years. In return, data from the system were
used in preparing the coal folios.

Royalty Management

The complete overhaul and reorganization of
the Survey’s royalty management system, which
began in fiscal year 1980 and continued through
1981, has been one of the most significant
management-improvement initiatives that the
Survey has undertaken in recent years. At the
fiscal year’s end, the Survey began its planned
conversion from the early (1950's) decentralized
accounting system to an improved interim phase
which will be replaced, in 1983, by a highly so-
phisticated, computer-assisted operation ad-
ministered through a headquarters organization
and five field offices.

The new system centralizes all minerals royalty
collection and accounting functions under a
Deputy Division Chief for Royalty Management at
the Survey’s headquarters in Reston. The field
organization consists of a national Accounting
Center and a Review and Analysis office, both
located in Lakewood, Colorado. Four Review and
Analysis suboffices are located in Albuquerque,
New Mexico; Metairie, Louisiana; Tulsa,
Oklahoma; and Lakewood, Colorado. Under the
old system, management, accounting, and audit
functions were performed separately for onshore
and offshore leases at 14 offices in 11 cities. Con-
version to the new system is being implemented
in phased increments; already, three regional of-
fices have ceased collections. All new or restruc-
tured components are scheduled to be in place
and operating by early 1984.

Several benefits will derive from the unified
policies and standardized procedures of the new
royalty management program, including increased

income for the U.S. Treasury, the Indians, and the
States; timely availability and processing of
funds; increased personnel productivity; and a
substantially reduced reporting burden on private
industry. From the standpoint of internal control,
the new system will assure greater security for the
proprietary information collected, reduce the
potential for fraud and abuse in royalty reporting,
and provide better administrative control over ac-
tivities and funds. The resulting reduction in
undercollections, together with prompt payments
and same-day deposits into interest-bearing ac-
counts, is expected to add millions of dollars an-
nually to the revenues accruing to the Federal
Treasury and to other recipients of royalty
payments. These payments, which were less than
$425 million in fiscal year 1970, had reached
$2.96 billion 10 years later and are expected to
exceed $4 billion in calendar year 1981. Thus, as
energy costs continue to rise, the Survey faces
the next decade with an efficient royalty manage-
ment program for its mandated revenue collec-
tion.

Water Data Telemetry

The Geological Survey’s satellite-data relay net-
work, begun in 1972 to expedite the collection of
hydrologic data from remote locations, continued
its steady expansion through fiscal year 1981 to
include 380 collection sites and one ground-
receive station. The ground-receive station, ac-
tivated in Tacoma, Washington, in February 1981,
receives data through geostationary satellite from
numerous data-collection sites in the Pacific
Northwest, including the flood-warning network
surrounding Mount St. Helens. A second ground-
receive station, scheduled for installation in
Phoenix, Arizona early in 1982, will include sup-
port for the 45-station central Arizona flood-
warning network operated by the Survey.

Of the 380 data-collection sites in the network,
105 are operated under contract by COMSAT
General, and 140 others are operated by the
Survey in cooperation with the U.S. Army Corps
of Engineers. Twenty new sites in the Upper
Missouri River Basin will be added under an
agreement with the Corps during fiscal year 1981,

This telemetered data-collection network uses
satellites orbiting 23,000 miles above the Earth’s
equator to relay data gathered at remote sites to
processing facilities, brings a real-time reporting
capability to hundreds of stations; data gathered
at these stations used to be stored on punched



tape and were collected at intervals of 4 to 6
weeks. The timely receipt of water data makes it
possible not only to sense critical hydrologic
events such as floods at their outset but also to
monitor instruments daily and to identify sensor
problems within hours rather than weeks.

Acid Rain

Several cooperative studies completed during
fiscal year 1981 provided valuable new informa-
tion about acid rain. For a number of years, the
Geological Survey has been collecting informa-
tion on the chemical composition of precipitation
as part of its Federal-State Cooperative Program,
most notably in Florida, New York, North
Carolina, and Pennsylvania. Survey hydrologists in
Colorado and Wisconsin have been investigating
the effects of acid precipitation on watersheds
having limited buffering capacities. Data obtained
from a reconnaissance study of snow chemistry in
the Northeastern United States are being used to
describe the occurrence and distribution of
chemical constitutents in winter precipitation
over the Northeastern United States from
December 1980 to March 1981.

Hazardous Wastes

In July 1981, the Survey replaced the Office of
Radiohydrology with the Office of Hazardous
Waste Hydrology to coordinate research and in-
vestigations related to the disposal of all types of
hazardous waste, both radioactive and toxic-
chemical. This organization change recognizes
the fact that the transport of all types of waste
through the environment is controlied by the
same geologic, hydrologic, and geochemical con-
ditions. The change is expected to improve the
Survey’s effectiveness in providing the technical
information needed to alleviate a critical threat
to public health and safety.

Work continued on the Survey’s high-level
radioactive-waste disposal program, which at-
tempts to identify environments suitable as
disposal sites for commercial power-reactor
wastes. The geologic and hydrologic
characteristics of broad physiographic provinces
are used as a basis for screening successively
smaller land units where potentially suitable
repository sites might be located. The Basin and
Range province, lying between the Rocky Moun-
tains and the Sierra Nevada and Cascade Ranges,
was selected for a prototype study to determine

6

the feasibility of this method of identifying poten-
tial repository sites. A Province Working Group
composed of earth scientists from the Geological
Survey and the States of Arizona, California,
Nevada, Idaho, Oregon, Utah, New Mexico, and
Texas has been organized to conduct the screen-
ing and to recommend areas suitable for more in-
tensive study.

Oil and Gas Resource
Estimates

The first 5-year review and revision of the
Survey’s systematic appraisal of undiscovered oil
and gas resources of the United States, published
in 1975 as Circular 725, was released in February
1981. The product of more than 80 specialists in
the 137 petroleum provinces studied, the review
disclosed relatively minor changes in the total
amount of undiscovered oil estimated to exist in
the United States but noted an encouraging in-
crease in the estimate of total gas resources. New
appraisals of both oil and gas resulted in substan-
tial differences in a few provinces, where the ac-
quisition of new data permitted more definitive
estimates. A comparison of the two appraisals
showing amounts estimated at 95- and 5-percent
probability and the mean value for total un-
discovered recoverable crude oil and natural gas
is given below.

Commodity 1975 1981

Crude oil, in billions of barrels

95 percent (low}) = . . 50 60

5 percent (high) .. 127 105
Mean . .. 82 83
Natural gas, in trillion cubic fee

95 percent (low) = | .. 322 475

5 percent (high) .. 655 739
Mean . 484 594

Digital Cartography

By fiscal year 1981, digital cartography had
progressed to the point where this aspect of the
Survey’s national mapping functions began to
take shape. A study conducted by the Office of
Science and Technology Policy at the direction of
the Office of Management and Budget verified
the need for a national digital cartographic data
base and recommended that the primary respon-
sibility for the program within the Federal
Government rest with the Geological Survey. The
study determined further that the demand for
digital cartographic products is such that the



development of the data base could be financed
from revenues resulting from the sale of the prod-
ucts.

This recommendation represents a sharp
departure from the Survey’s historic approach to
product pricing, which previously had recovered
only the actual cost of reproduction and distribu-
tion, not initial preparation, which was financed
by annual appropriations. Because the change re-
quires legislative action, the Secretary of the In-
terior forwarded to Congress a proposed ““Digital
Cartography Act of 1981,” which was introduced
in the Senate on May 21, 1981, as S-1280. The
bill as introduced would provide for a gradual
shift to full financing of all costs of ditigal car-
tographic products from sales revenues.

Development of the digital data base proceed-
ed through fiscal year 1981 with plans to incor-
porate (1) data on boundaries, public land net,
streams and water bodies, and transportation
features on 1:24,000-scale maps; (2) elevation data
largely obtained concurrent with the orthophoto-
quad program; (3) the planimetric features from
the 1:2,000,000-scale sectional maps of the Na-
tional Atlas; (4) elevation data obtained from the
1:250,000 scale maps series; (5) land use and land
cover data; and (6) geographic names.

Progress in fiscal year 1981 was encouraging.
Digital elevation models for 2,500 1:24,000-scale

quadrangle maps were added to the data base,
and boundary and net data for 2,000 quadrangles
also were added. Elevation data from the
1:250,000-scale maps are now available for most
of the United States. All 21 regional sheets of the
National Atlas series were digitized, and editing is
continuing.

Organization and
Management Notes

No significant changes were made in the for-
mal organization of the U.S. Geological Survey
during fiscal year 1981, which was devoted to
consolidating and completing the thoroughgoing
changes initiated during the previous year.

On September 30, 1981, in ceremonies held at
the National Center in Reston, Virginia, Dallas L.
Peck was sworn in as the eleventh Director of the
U.S. Geological Survey, succeeding H. William
Menard, who resigned the previous January to
return to Scripps Institute at La Jolla, California.
Peck, who had been the Survey’s Chief Geologist
for 4 years at the time of his appointment, has
spent his entire professional career of 30 years
with the Survey.



Perspectives

Chemical and
Nuclear Wastes —
Different Problems
with Different
Solutions?

By John B. Robertson

Although public awareness and concern for
nuclear wastes have been evident for decades, we
have only recently begun to take notice of a
sleeping giant— toxic chemical waste con-
taminants. We have awakened during the past 2
years with the threats to our ground water from
toxic waste sites like the Love Canal, New York,
and the Valley of the Drums, Kentucky. It is clear
that operating our complex, energy-hungry, in-
dustrial society has some undesirable risks and
costs, not the least of which are hazardous
wastes, which must be effectively dealt with. The
waste-management issues are complicated not on-
ly by challenging technological questions but also
by emotional, political, and ethical concerns. In
this essay, | will attempt to place the broad ques-
tion of hazardous waste management in clearer
technical perspective with regard to the nuclear
and toxic chemical viewpoints.

With the national attention that nuclear power
projects have received, it might appear that
nuclear wastes are a much bigger environmental
threat than other wastes and that the technical
barriers that must be overcome to dispose of the
nuclear wastes safely are greater than those for
chemical wastes. But are they?

Since the beginning of nuclear development in
the 1940’s, nuclear wastes have been strictly
regulated by one principal Federal agency— first,
the Atomic Energy Commission; later, the Energy
Research and Development Administration; and
currently, the Nuclear Regulatory Commission.
(The Department of Energy regulates most
nuclear wastes generated by activities of the
Federal Government.)

Authority over toxic chemical waste manage-
ment, however, has been incomplete and scat-
tered through several agencies and regulations.
Recently enacted laws such as the Resource Con-
servation and Recovery Act (1976) and the Com-
prehensive Environmental Response, Compensa-
tion, and Liability Act of 1980 (*’Superfund’’) have
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helped to consolidate and expand Federal control
of toxic waste management. In the 1980 U.S.
Geological Survey Yearbook, Gerald Meyer sum-
marized the evolution and complexity of Federal
waste-management programs and their relation-
ship to ground-water contamination problems.

... it might appear that nuclear wastes are a much big-
ger environmental threat than other wastes and that the
technical barriers that must be overcome to dispose of
the nuclear wastes safely are greater than those for
chemical wastes. But are they?

One fact that becomes clear through all this is
that nuclear and chemical waste regulations have
developed almost completely independently of
each other with differing philosophies, technical
approaches, and amounts of money and other
resources applied to the problems. Even within
the Environmental Protection Agency, for exam-
ple, two separate groups address the two issues.
For some time, the Geological Survey has had in-
terests and activities devoted to earth science
aspects of both chemical and radioactive waste
disposal. Priority within the Geological Survey
research program, in terms of dollars spent, was
assigned to efforts dealing with radioactive
wastes. Since the 1950’s, the Survey has expended
approximately five times more money and effort
on research on radioactive waste than on toxic
chemical waste.

RELATIVE MAGNITUDE OF CHEMICAL
AND NUCLEAR WASTE PROBLEMS

To gain some perspective on the relative
magnitude of chemical and nuclear wastes, some
comparisons can be made on quantities of wastes
accumulated to date and current generation
rates, extent of contamination problems resulting
from the wastes, numbers of disposal sites, and
sources and characteristics of the wastes.

Table 1 lists estimates of some of these
characteristics. There are, of course, other impor-
tant technical characteristics that also could be
compared such as relative toxicity, mobility in
ground water, and others. However, many of
these become rather complex and are outside the
expertise of the Geological Survey or beyond the
scope of this review. Although admittedly
simplified, the information in table 1 does serve
to make the point that the volume and complexi-
ty of toxic chemical waste and existing con-
tamination problems are much larger than those
of nuclear wastes and could lead to the conclu-



Table 1.—Some characteristics of nuclear wastes compared to those of toxic chemical wastes. Estimated
volumes and other data in this table are based primarily on information from the documents listed at the

foot of this table.

Characteristics

Nuclear wastes

Toxic chemical wastes
(liquids and solids)

Estimated volumes
on hand, 1980.

Estimated yearly
volume gener
ated, 1980.

Number of known
disposal or stor
age sites.

70 million cubic yards, uranium mill tailings.
2 million cubic yards, all other nuclear waste.

1.5 million cubic yards, uranium mill tailings.
300,000 cubic yards, all other nuclear wastes.

42 uranium mill tailings sites
20 other major waste sites. Does not include
nuclear-power reactors (70) where spent fuel is

6 billion cubic yards.

50 to 500 million cubic
yards.

7,000 to 100,000.
Does not include municipal
landfills and septic tanks.

temporarily stored.

Estimated area
underlain by
ground wa-
ter contaminated
beyond potable
use.

10 to 30 square miles

Residential popula- None known
tions affected

by condemned

groundwater

supplies.

Composition of the
wastes.

Fairly well known

Principal sources of

Relatively few industrial and institutional
wastes. activities; well known and regulated.

1,000 to 10,000 square
miles.

More than 2 million.

Extremely variable; largely
unknown.

All sectors of public and in-
dustrial activities; poorly
known and controlled.
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sion that the magnitude of toxic chemical wastes
problems is also considerably larger than that of
nuclear wastes.

As a case in point, | am aware of only one well
used for public drinking water that has been con-
demned due to radioactive waste contamination
(near Argonne, lllinois), even though low-level
radioactive wastes have been disposed to the sub-
surface in a variety of methods and sites since
the 1940’s. That is not to say that more ground
water has not become contaminated with waste
radionuclides; there are many instances where it

U S Council on Envronmental Quality, 1981, Contamination
of Ground Water by Toxic Organic Chemicals: 85 p

U S Department of Energy, 1981, Low-Level Radioactive Waste
Policy Act Report—Response to Public Law 96-573- DOE/NE
0015, 57 p
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has. Generally, these situations are in areas where
no one is using the water and where its quality is
well monitored. In contrast, toxic chemical
contaminants have caused the condemnation of
wells supplying drinking water to millions of
residents across the Nation, from large cities to
rural households.

Other aspects of table 1 worthy of amplifica-
tion are the descriptions of types and sources of
wastes. Radioactive wastes result from a relative-
ly few well-known and documented sources.
Although the physical forms of those wastes



cover a broad spectrum—from sludge to paper WHAT IS THE ROLE OF EARTH SCIENCE?
and rubber gloves to machinery —the ra-
dionuclides present in them are generally fairly
well known.

Over one-half the people in this Nation rely on
ground water as their source of drinking water.
Understanding the behavior and fate of con-

... toxic chemical contaminants have caused the con- taminants in this resource is a highly important
demnation of wells supplying drinking water to millions technical concern. Among the most important
of residents across the nation, from large cities to rural technical aspects of waste disposal are the
households. physical, biological, and chemical processes that

Toxic chemical wastes, on the other hand,
result from almost every industrial, institutional,
and household activity. There has been no central
system of comprehensive documentation of toxic
waste sources or even disposal sites. After so
much publicity on Love Canal-type situations, |
am sure that many people believe that these sites
and the waste from large chemical companies are
the biggest problem.

The Environmental Protection Agency has con-
cluded that the most common toxic contaminants
found in ground water are nitrates, heavy metals,
and petroleum derivatives. In most areas, the
most common sources of contamination are from
common household septic systems Another large
source of toxic waste contaminants is ordinary
municipal waste landfills. Although | do not wish
to diminish the concern for large industrial toxic
waste-disposal sites, it is important to see them in
the proper perspective. In addition to about 6,800
identified hazardous waste-disposal sites in the
United States, there are probably 200,000
municipal landfills containing hazardous waste.
Depleted pesticide, paint, and solvent containers
and used motor oil (loaded with toxic metals and
carcinogenic organic compounds) often are dis-
carded in household trash which then contributes
to the toxic contamination potential of our local
landfills.

Nearly every community has leaky gasoline
and oil tanks and pipelines; consequently, nearly
every community has ground-water contamination
from these sources. Many small businesses and in-
dustries common to most communities (dry clean-
ing and machine shops, for example) often are
the source of toxic contaminants such as tri-
chloroethylene in ground water.

The National Water Well Association estimates
that only about 1 percent of the area underlain
by usable ground water is contaminated from in-
dustrial wastes; unfortunately, however, the areas
most contaminated are often areas of greatest
water demand. Although that estimate includes
effects of septic tanks and municipal landfills, it
fails to include ground water contaminants from
agricultural sources which might easily double
the figure.
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affect contaminants beneath the ground surface.
The ultimate goal is to minimize the rate at
which contaminants migrate from disposal or spill
sites, thus keeping contaminated concentrations
in ground water and areas of contamination to a
minimum. Figure 1 schematically depicts the
manner in which contaminants from a variety of
sources can enter and migrate in ground-water
systems. The major processes which control the
occurrence, concentration, migration rate, and
fate of contaminants in ground water are de-
scribed in table 2. It should be clear from table 2
that the processes which control contaminants in
ground water are extremely complex and in-
terdependent. Also, it is apparent that, in general,
nearly all the same fundamental processes apply
to most contaminants, regardless of their source
or whether they are radioactively or chemically
toxic. One basic difference between nuclear and
chemical wastes is important: Nuclear materials
all have decay rates that can be accurately
calculated, whereas chemical wastes do not.
Heavy metal contaminants, such as mercury and
lead, have no decay rates and some stable
organic compounds such as polychlorinated
biphenyls (PCB'’s) are extremely persistent.
However, many other toxic organic compounds
do decompose with time due to chemical and
biochemical breakdown.

The Environmental Protection Agency has concluded
that the most common toxic contaminants found in
ground water are nitrates, heavy metals, and petroleum
derivatives. In most areas, the most common sources of
contamination are household septic systems.

Other important earth science concerns are
geologic and hydrologic factors which can affect
the long-term ability of a disposal or storage site
to isolate waste produced from the biosphere.
These factors would include effects of geologic
faulting, earthquakes, volcanism, and erosion.
Some radioactive and chemical waste products
require isolation periods of hundreds of thousands
of years or longer to permit the radioactive
wastes to decay to innocuous levels, or disperse,
or reduce the chemical wastes to an acceptable
concentration level or a harmless form. There-
fore, very long-range predictions of infrequent or





















Between 1974 and 1977, the Navy used private
oil-exploration contractors to drill seven wells in
the northeastern corner of the Reserve, following
the Prudhoe trend and hoping for similar results
but with no success. The Navy also drilled four
exploration wells in the Barrow area to increase
gas reserves for local use and discovered, about 7
miles east of the South Barrow field, the East Bar-
row deposit, which had an estimated producible
reserve of 12 billion cubic feet of gas.

In 1975, the Navy signed a 5-year contract with
Husky NPR Operations, Inc., to manage and
supervise all aspects of the exploration program.
Four of the seven test wells in the northeastern
corner of the Reserve were drilled for the Navy
under the Husky contract.

The Naval Petroleum Reserves Production Act
of April 5, 1976, authorized further development
of and actual production and sale of crude oil
from Naval Petroleum Reserves Nos. 1, 2, and 3
in California and Wyoming, and redesignated
Naval Petroleum Reserve No. 4 as the National
Petroleum Reserve in Alaska. Thus, the purpose
of these Reserves was redirected from meeting
naval requirements to augmenting domesting sup-
plies of crude oil. The Act also mandated conti-
nuing the exploration program in the Reserve and
required studies of other resources and alter-
native management systems, all to be completed
and submitted to Congress by January 1980.
Although the exploration program was not tied
directly to the schedules of other studies in the
Act, its results obviously would have had con-
siderable influence on further land-use decisions.
The Navy’s 5-year plan, containing a schedule for
the exploration program was stated for comple-
tion in 1980.

The Act transferred responsibility for the Na-
tional Petroleum Reserve in Alaska to the
Secretary of the Interior, who in turn assigned to
the U.S. Geological Survey three responsibilities:
(1) continuation of the exploration program, (2)
continuation of operations, maintenance, and pro-
duction at the Barrow gasfields, and (3) cleanup
of debris left over from previous activities in and
adjacent to the Reserve. The Navy’s 5-year con-
tract with Husky NPR Operations, Inc., as well as
other minor contracts, also was transferred to the
Geological Survey, in accordance with the Act.
The Navy had moved the operational base for the
exploration program from Barrow to Camp Lone-
ly, 90 miles east on the Arctic coast. The Barrow
gasfield had been operated and maintained for
the preceding several years under an interservice
agreement with the Office of Naval Research and
its contractor for the operation of the Naval Arc-
tic Research Laboratory at Barrow. This arrange-

ment has been continued by the Survey. Until
Congress directs otherwise, the Department of In-
terior will continue to be responsible for supply-
ing gas to the Barrow community.

Thus, when the U.S. Geological Survey took
over supervision of the exploration program on
June 1, 1977, several constraints were already in
place. The program was oriented toward future
land-use decisions—national in scope rather than
naval—and a timetable was imposed both by the
reports that the Act required and by the 5-year
contract transferred from the Navy. Further, a
base of operations and an overall logistics
capability already had been established. Three
drill rigs capable of drilling to about 20,000 feet
and one capable of reaching somewhat shallower
depths were under subcontract. Another drilling
rig was contracted for later drilling of shallow
(2,500 feet) development wells at the Barrow
gasfields. These subcontracts, along with others
for services such as transportation, communica-
tion, and operation of the Camp Lonely base
facility, constituted fixed costs. An additional,
and perhaps the most significant, constraint on
program planning in the Arctic was the absolute
necessity to time activities to the seasons. To
maintain a four- or five-well drilling program,
each winter’s activities had to be planned and
coordinated on an extremely tight schedule.
Logistics planning had to be completed at least 1
year in advance, and final locations had to be
determined about 6 months in advance.
Geophysical surveys were shot the winter before
drilling was to begin, but interpretations of these
surveys were not completed until a few weeks or
days before the locations had to be staked. An
environmental assessment, including archeologic
clearance, had to be completed before work at
the site began. An excellent review of this subject
and other environmental considerations in the
Reserve appeared in the “U.S. Geological Survey
Yearbook, Fiscal Year 1978” (Britton, 1978).
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